Background Antipsychotic use is associated with serious adverse events in the elderly, and consequently can lead to further healthcare utilization such as nursing home admission. Objective To evaluate the risk of nursing home admission associated with typical versus atypical antipsychotic use among the US community-dwelling elderly population. Methods A retrospective cohort design was conducted using Medicare and Medicaid Analytical eXtract (MAX) data from four US states. The cohort included all dualeligible beneficiaries (aged C65 years) who initiated antipsychotic treatment during July 2001-December 2003. The risk of nursing home admission during the 6-month follow-up period was evaluated using Cox proportional hazards regression model and extended Cox model stratified on matched pairs based on propensity score, using atypical agents as the reference category. Results The average risk of nursing home admission was similar among atypical antipsychotic users compared to typical users (hazard ratio [HR] 
Introduction
Antipsychotics are frequently prescribed in the elderly for the treatment and management of psychoses and behavioral problems in dementia [1, 2] . Introduced in the early 1950s, typical antipsychotics such as haloperidol and thioridazine were effective in the treatment of schizophrenia. However, use of these agents was associated with central adverse events like extrapyramidal symptoms, tardive dyskinesia, and sedation [1] . Consequently, atypical antipsychotics such as olanzapine and risperidone were introduced in the 1990s as safer alternatives to typical agents [1] [2] [3] [4] . In the past two decades, use of atypical antipsychotics in the elderly has considerably increased, from 15 % of total antipsychotic use in 1996-1998 to 73 % in 2002-2004 [5] .
In light of extensive atypical antipsychotic use, results of large clinical trials suggest that the two classes of antipsychotics have comparable effectiveness profiles [6, 7] . These findings question the preference of atypical agents over typical agents. Despite high use, atypical agents are frequently used for off-label indications like depression, obsessive compulsive disorder (OCD), post-traumatic stress disorder (PTSD), and agitation in dementia, among others, with little evidence base [8] . In addition, use of atypical agents has been linked to serious adverse events like cardiometabolic dysfunction, falls/fractures, and cerebrovascular and other cardiovascular events [9] [10] [11] [12] [13] [14] . A review of 17 placebo-controlled trials by the US Food Drug and Administration (FDA) revealed a 60-70 % higher risk of mortality with atypical antipsychotics compared to the placebo group [15] . This prompted the FDA to issue a boxed warning on atypical antipsychotics in 2005. Later, based on evidence of increased mortality risk with the use of typical agents, the FDA placed a similar black box warning on typical antipsychotics in 2008 [16] . Overall, the limited evidence base of antipsychotic use together with the differential safety profiles of typical and atypical agents may lead to severe healthcare consequences such as institutionalization of the elderly. Therefore, there is a need to examine the comparative healthcare consequences of the two antipsychotic classes in the elderly population.
Admission to nursing homes constitutes a potential negative outcome in the elderly due to transitioning of patients from independent to dependent care. In 2007, the estimated cost of nursing home care in the US was $150 billion [17] . In addition to high healthcare expenditure, nursing home admission has been associated with other adverse consequences like poor quality of care, early mortality for residents, and emotional and psychological distress for caregivers. Studies evaluating nursing home admission among the elderly have identified cognitive impairment, functional decline, and clinical co-morbidities as the major risk factors in diverse healthcare settings [18] . Use of medications can be a potentially modifiable factor that could lead to serious adverse events, and consequently nursing home admission in the elderly.
A study by Zuckerman et al. [19] found that inappropriate medication use was associated with a 31 % higher risk of nursing home admission in a cohort of elderly Medicare beneficiaries. The study further revealed that inappropriate antipsychotic use had a 2.5-fold higher risk of nursing home admission, whereas other antipsychotic use had more than 4 times increased risk compared to nonuse. Another study by Lopez et al. [20] found that in patients with probable Alzheimer's disease, there was no differential risk of the two antipsychotic classes in the long-term risk of nursing home admission [20] . However, no study has conducted a head-to-head comparison of the two antipsychotic classes in terms of nursing home admission among the elderly, and none focused on the vulnerable dual-eligible elderly population. Dual-eligible beneficiaries (those enrolled in both Medicare and Medicaid) are poorer and less healthy than the general elderly population [21] [22] [23] . As a result, they have higher unmet care needs than their non-dual-eligible counterparts [24] . Therefore, the current study sought to examine the risk of nursing home admission in the dual-eligible elderly using antipsychotic medications.
Methods

Data Source
The study used [2001] [2002] [2003] Medicaid and Medicare data from Texas, New York, California, and Florida to achieve the study objective. The above states were chosen to provide large sample sizes and a representative population of the US. The years 2001-2003 were selected to allow for comparable samples for both the drug classes. The Medicaid Analytic Extract (MAX) data consists of four analytic component files-Personal Summary, Prescription, Inpatient, Long Term Care, and Other Services files [25] . The current study involved the use of Personal Summary, Prescription, Inpatient, and Long Term Care files. The Personal Summary file records the demographic characteristics such as the patient's age, gender, race/ethnicity, and eligibility information, among others. The Prescription file consists of variables like therapeutic class of the medications prescribed, their National Drug Codes (NDCs), quantity of service, and days of supply. The Inpatient file captures data elements like admission date, beginning date of service, end date of service, and diagnostic codes for each admission. The Long Term Care file includes information on services provided in long-term care facilities for the Medicaid enrollees. The records in this file are usually weekly or monthly claims. The types of services that apply to this file include mental hospital services for the elderly, nursing facility services, intermediate care services for the mentally retarded, and inpatient psychiatric facilities for individuals aged below 21 years.
The Medicare data consists of beneficiary summary files, denominator files, and Medicare Provider Analysis and Review files (MedPAR) [26] . The Beneficiary Summary file is created annually, and contains demographic and entitlement data for its beneficiaries who were (a) a part of the CMS Chronic Condition Data Warehouse (CCW) 5 % sample; (b) documented as being alive for some part of the calendar year accounted for in the Beneficiary Summary file; and (c) enrolled in a Medicare program and entitled to its benefits during the calendar year. The Center of Medicare and Medicaid Services (CMS) denominator file contains enrollment information for all the beneficiaries enrolled in Medicare in a given year. The MedPAR file contains data on inpatient hospital and skilled nursing facility (SNF) utilization of the Medicare beneficiaries. All the Medicare files are linked through a unique identifier. The Medicaid and Medicare files are also linked through a unique patient identifier. Additional information on the data sources can be found elsewhere [27] .
Study Sample and Design
The study population included the Medicare and Medicaideligible enrollees, aged 65 years and older, who initiated treatment with a typical or atypical antipsychotic medication anytime from 1 July 2001-31 December 2003. A patient was defined as a dual-eligible beneficiary whose first prescription of antipsychotic did not include his or her stay in long-term care or a nursing home facility. Inclusion of the beneficiaries in the cohort required that they were continuously eligible for at least 6 months before their first antipsychotic prescription fill date. Only new users of antipsychotic agents were included in the study to protect against selection bias among prevalent users from early symptom emergence, drug intolerance, or treatment failures [28] .
Exposure and Outcome Definitions
Exposure to typical or atypical antipsychotics formed the primary independent variable of our study. The typical antipsychotic cohort comprised users of any of the following agents: loxapine, fluphenazine, triflupromazine, chlorprothixene, haloperidol, chlorpromazine, thioridazine, promazine, trifluperazine, thiothexene, molindone, perphenazine, acetophenazine, mesoridazine, pimozide, and perphenazine-amitriptyline. The atypical antipsychotic cohort consisted of users of clozapine, olanzapine, olanzapine-fluoxetine, risperidone, quetiapine, ziprasidone, or aripiprazole. Use of typical and atypical antipsychotic agents was identified using the corresponding NDCs.
The primary outcome of our study was the time to nursing home admission among the elderly beneficiaries during the 6-month follow-up period. Nursing home admission was defined based on qualified SNF stay using MedPAR files from Medicare, and Long Term Care files from Medicaid. The duration of follow-up was based on previous studies by the authors [29] . Patients were followed till the occurrence of nursing home admission or end of the study period, whichever occurred earlier. Patients were censored if the study period ended without occurrence of the event (180 days), or the treatment was discontinued, the gap between two successive refills of the same class of medications exceeded 30 days, or the patients switched to a different class of antipsychotic, died or were lost to followup. The study allowed switching of antipsychotic agents within the same class. If a patient had only one claim of a particular antipsychotic agent at the index date, he was considered in the cohort throughout the length of supply of that medication. The entire study duration was from 1 July 2001-31 December 2003.
Propensity Score Matching
The propensity score is defined as a subject's probability to receive a particular treatment conditional on his observed covariates [30] . Since antipsychotic treatment was not randomly assigned to the study population, the two treatment groups differed in various observable and unobserved characteristics. The use of a propensity score aimed to achieve a balance in the observed or known confounders across the typical and atypical users, and thus made the two groups comparable for analysis. Therefore, a propensity score-matched retrospective cohort design was used to examine the association between antipsychotic use and risk of nursing home admission in the above population.
A large number of covariates were included in the calculation of propensity score based on previously published literature, expert opinions, and evidence of their association with the outcome [31] . Those variables were measured for the antipsychotic users based on their health care utilization 6 months before their first antipsychotic fill date and included pretreatment characteristics such as sociodemographics (age, gender, race), clinical characteristics (co-morbidities and co-medications), and severity of illness. Severity of illness was measured as all-cause hospitalization in the previous 6-months of index antipsychotic prescription [32] . Nursing home stay during the 6 months of index prescription date was also included as one of the pre-treatment characteristics among the antipsychotic users.
A logistic regression model was developed using all the above baseline characteristics to obtain propensity scores (likelihood ratio [LR] \0.0001; c statistics 0.71). Using the resulting propensity scores, patients taking typical antipsychotics were matched with patients taking atypical antipsychotics by GREEDY 5 ? 1 matching technique. In this technique, at each phase of the matching process, a ''greedy'' approach is used, whereby a control subject is matched to a treated subject even if it better serves as a match for another treated subject [33] . This technique reduces matched-pair bias caused by incomplete and inexact matching [34] . In the present study, the subjects treated with typical agents were first matched to the subjects treated with atypical agents on the first five digits of the propensity score. For those treated subjects who remained unmatched, matching was done based on the first four digits of the propensity score. This process was repeated until the subjects in both the treatment groups were matched on the first digit of the propensity score. Subjects in the two treatment groups that remained unmatched were excluded. If more than one control was found that matched to a case, the control was selected at random.
Statistical Analysis
The differences in various pretreatment characteristics between the two groups were evaluated using a chi-square test for categorical variables and t test for continuous variables before and after matching. Survival analysis was then performed on the matched cohort to assess the risk of nursing home admission between typical versus atypical antipsychotic users. Kaplan-Meier survival plots were created to depict the crude (unadjusted) relationships between typical antipsychotic use versus atypical antipsychotic use and time to nursing home admission. Pairwise log rank tests were used to compare survival curves for statistical difference. An a priori value of 0.05 was used to examine the statistical significance.
Cox proportional-hazards regression model stratified on matched pairs was used to examine the risk of nursing home admission between typical users and atypical users, and the corresponding hazard ratios (HRs) were obtained. Stratified Cox proportional-hazard model was applied using the STRATA option of PROC PHREG to account for matched pair design [33, 34] . Prior to using the Cox regression model, the Proportional Hazards (PH) assumption for the model was checked by including the interaction term between the independent variables and log of time to nursing home admission. The PH assumption for antipsychotic use was not met at the significance level of 0.05, indicating that the treatment effect was not constant over time. In order to adjust for time in our analysis, extended Cox models were used with heavy side function [35, 36] . Models of nursing home admission within the first 90 days and from 90-180 days were developed. The cut-off point of 90 days was selected based on the intersection of the Kaplan Meier curves of the two drug classes. All analyses were performed using SAS version 9.2. Table 1 presents the baseline characteristics of the users of typical and atypical antipsychotic agents before and after propensity score matching. It can also be seen from the table that, before matching, the typical and atypical users differed in a large number of the pretreatment characteristics. After matching, nearly all the pretreatment variables were balanced across the two treatment groups. Figure 1 presents the distribution of the propensity scores before matching. Figure 2 presents the distribution of propensity scores after matching. Thus, propensity score helped achieve a balance in the majority of the pretreatment characteristics in the two treatment groups.
Results
Analysis of
Overall, there were 2,214 patients who experienced nursing home admission during the follow-up period. There were 1,275 events (11.66 %) in the atypical cohort and 939 (8.59 %) events in the typical cohort. Figure 3 presents the Kaplan Meier curves that depict the unadjusted association across the antipsychotic classes with respect to nursing home admission in the elderly beneficiaries. The Kaplan Meier curve suggests that there was no difference in risk of nursing home admission across typical and atypical use among the beneficiaries (p = 0.88). Table 2 presents the results of Cox proportional hazards regression of antipsychotic use and time to nursing home admission in the above population. Results of Cox regression in the above cohort suggest that the average risk of nursing home admission was similar among typical antipsychotic users compared to atypical users (HR 0.91; 95 % confidence interval [CI] 0.81-1.01). However, due to violation of the PH assumption, the extended Cox regression was used. The findings suggest that within the first 90 days of treatment, there was a moderately lower risk of nursing home admission among typical users (\90 days: HR 0.87; 95 % CI 0.77-0.97). However, the risk substantially increased with prolonged typical antipsychotic treatment [90-180 days: HR 1.58; 95 % CI 1.08-2.12].
Discussion
The current study examined the risk of nursing home admission due to use of antipsychotics in the elderly. Both typical and atypical antipsychotic agents are associated with adverse effects in the elderly. The differential safety profiles of typical and atypical antipsychotic agents can have healthcare consequences such as nursing home admission. This study found that, after controlling for potential confounders, typical antipsychotic use was associated with a time-dependent increase in risk of nursing home admission compared to atypical use. In the initial phase of treatment, typical antipsychotics have a slightly lower risk of nursing home admission (13 %); however, with prolonged use of typical agents, the risk of nursing home admission increases to 58 %. The study by Lopez et al. [20] found that there is no difference in nursing home admission among users of typical and atypical antipsychotics in patients with probable Alzheimer's disease. However, the study did not compare the two classes directly, and focused on longterm nursing home admission among probable Alzheimer's patients. The study by Zuckerman et al. [19] examined the 1-year risk of nursing home admission among users of the inappropriate versus other antipsychotics, and found a 70 % higher risk with use of other antipsychotics. This study evaluated the risk of nursing home admission during 6 months of antipsychotic use and found that typical users had a time-dependent increase in nursing home admission. However, the current study may not be directly comparable with previous studies owing to differences in exposure definition, outcomes measurement, and study sample.
The study by Lopez et al. [20] further revealed that, after controlling for underlying patient conditions like psychosis and agitation, the risk of nursing home admission was no longer significant for either class of antipsychotics. Zuckerman et al. [19] also suggested the possibility of an indication bias to explain the high risk associated with use of other antipsychotics compared to inappropriate antipsychotics. The current study controlled for psychiatric co-morbidities like anxiety, dementia, mood disorders, and schizophrenia, which necessitate the use of antipsychotic medications in the study population, and found that typical antipsychotic use had a differential risk of nursing home admission. Several pharmacologic mechanisms can explain the higher risk of nursing home admission observed with prolonged exposure to typical antipsychotics (90-180 days). Long-term use of typical antipsychotics could lead to extrapyramidal syndrome. The relatively higher dopaminergic activity of typical antipsychotics Fig. 2 Distribution of propensity scores in users of atypical and typical antipsychotics after propensity score matching Log-rank P-value : 0.8782 Fig. 3 Kaplan-Meier plot of crude association between users of typical and atypical antipsychotics and risk of nursing home admission compared to atypical agents has also been associated with elevated prolactin levels, which in turn decreases the bone mineral density, and may lead to falls/fractures [37, 38] . Together, these adverse events could lead to nursing home admission among typical users. The moderately lower risk (13 %) during the initial period of typical use (0-90 days) may possibly be due to variable induction/latency periods or serotonergic/histaminergic receptor blockade [39] . The current study did not examine the specific reasons for nursing home admission in the study population. Future studies are therefore needed to better understand the consequences of antipsychotic treatment in elderly. However, given the high risk of nursing home admission with prolonged typical use (90-180 days) and safety concerns with atypical agents, there is a need to be cautious while prescribing antipsychotics in the elderly. Consequently, clinicians should consider prescribing the lowest dose of antipsychotics for the shortest duration, whenever possible, and avoid concomitant prescription of other psychotropic medications that could predispose the residents to additional risk.
This study had several strengths. The propensity-matched retrospective cohort design involved a large number of dual-eligible elderly users of antipsychotics. The model included several potential confounders that could be related to antipsychotic treatment and risk of nursing home admission. Only new users of antipsychotics were included in the study cohort to minimize prevalence bias [28] . Additionally, the study focused on the dual-eligible population, which represents one of the most understudied populations and which has very high unmet long-term care needs [24] .
Several study limitations should be acknowledged. Since computer-recorded information was used to capture data, we could not ascertain whether the subjects actually used their dispensed medicines. The diseases and outcome measurements were based on diagnostic data in medical claims. Incomplete records submitted by providers together with inaccurate demographic information and clinical details in the ICD-9-CM system may further limit the accuracy of administrative data. A major limitation of the current study was lack of outpatient data among the community-dwelling beneficiaries. The current study only used inpatient data to capture the patients' baseline characteristics; this may have provided a limited picture of the patients' underlying illnesses since many patients are not hospitalized. Additionally, variables included in the propensity score calculation were limited to those available in the data source; there is thus a possibility that unmeasured confounders such as tobacco use, nutrition, health status, cognitive and functional limitations, and behavioral variables might have affected the study findings [40] . Also, results obtained from propensity score matching can only be applicable to the final matched cohort of the population studied due to incomplete matching. Although nursing home admission addresses the healthcare impact of drug utilization, it is only a generic measure, and a social construct; future studies are needed to evaluate the specific reason for nursing home admission among typical versus atypical users. Additionally, the study focused on the vulnerable dual-eligible beneficiaries; the findings may not be extrapolated to other populations or settings.
Conclusions
Antipsychotic-induced adverse events constitute a significant public health concern owing to its associated morbidity and mortality in the elderly. The current propensity score-matched retrospective cohort study found that use of typical antipsychotics was associated with a time-dependent risk of nursing home admission. The risk however increased with prolonged typical antipsychotic treatment. The above study findings suggest that multiple pharmacologic mechanisms might play an important role in adverse events, which could lead to nursing home admission. The study reinforces the need to evaluate the contributory factors of nursing home placement with antipsychotic use among the elderly. Given the extensive use of antipsychotic agents in the elderly, future studies involving the short-term and long-term risk-benefit profiles are needed to evaluate the role of antipsychotics in geriatric pharmacotherapy.
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